CNBP is phosphorylated by PKA during zebrafish embryonic development  by Lombardo, Verónica A. et al.
cell shape changes during development (like dorsal and thoracic
closures) and stress responses (like wound healing) in the fruit
fly. We have characterized a zinc finger protein that we call
Piragua, and a novel factor that we call Amigo de Fos, besides
the better known fruit fly homologues of the Jun and Fos
transcription factors, and the repressor Anterior Open. In
particular, Amigo de Fos is a protein with a conserved domain
required for Fos activity during dorsal closure and eye
formation, whereas Piragua acts both in parallel to the Jun
kinase pathway, and in the pathway with Jun and Fos. The
emerging picture is of a higher complexity than hitherto thought
for the nuclear events in this evolutionarily conserved signaling
pathway.
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Cellular Nucleic acid Binding Protein (CNBP) was reported
as a protein essential for normal forebrain development in
mouse (Chen et al., 2003) and chicken (Abe et al., 2006).
Zebrafish CNBP is expressed in the anterior CNS in a similar
way to the observed in early chicken and mouse embryos.
CNBP knockdown cause neural crest derivative depletion in
zebrafish embryos. Collagen 2a1 (col2a1) in situ hybridization
on these embryos showed defects in the formation of facial
cartilage (Weiner et al., submitted). On the other hand, Sox9
function, a transcriptional factor involved in early events of
neural crest development, is promoted by cAMP-dependent
protein kinase (PKA) activity. This modification enhances
Sox9 function in the transcriptional activation of col2a1
enhancer/promoter in cartilage cell (Huang et al., 2000). To
analyse if CNBP is post-translationally regulated by phosphor-
ylation during the embryogenesis of vertebrate, we carried out
in vitro phosphorylation assays using zebrafish embryonic
extracts and observed that CNBP was differentially phos-
phorylated during embryogenesis. PKA was identified as the
predominant kinase that phosphorylates on the unique CNBP
putative conserved phosphorylation site. Then, this post-
translational modification may not only exist in zebrafish but
also in other vertebrates. Finally, we observed that CNBP
phosphorylation modified its biochemical activities (Lombardo
et al., 2007). It seems likely that phosphorylation might be a
conserved post-translational modification that allows CNBP to
perform a fine tune of the expression of a group of genes
during neural crest development.
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PDZ domains are modular protein interaction domains that
play a role in cellular signaling, protein targeting and protein
complex assembly. Zebrafish GIPC1 (Synectin; RGS19IP1;
TIP-2; SEMCAP1) is a 39-kDa protein containing a single
modular PDZ domain. Gipc1 ablation in mice as well as knock
down in zebrafish has recently been shown to lead to defects in
the arterial system (Chittenden et al., 2006). We have cloned
and characterized the zebrafish gipc1 and show here its gene
and protein expression in developing zebrafish embryos. Whole
mount in situ hybridization indicates that gipc is expressed as
maternal RNA. In early embryos, GIPC mRNA was found
concentrated at cell junctions, whereas in later stages (from
shield to prim 6) a more ubiquitous gene expression was ob-
served. After the prim 6 stage, strong expression was found in
the brain and notochord. Several of these gene expression do-
mains overlapped with Gipc protein expression in the develop-
ing zebrafish. We have further characterized the cellular
localization of Gipc in cultured zebrafish fibroblasts. Gipc
protein was detected at the nuclear membrane and throughout
the cytoplasm. In summary, we present here the first temporal
and spatial gene and protein expression patterns of Gipc in a
developing zebrafish.
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Research on the mechanisms of embryonic induction had a
great setback in the 1940s when Barth discovered and Holtfreter
confirmed that ectoderm of Ambystoma maculatum salamander
embryos could form brain tissue when cultured in a simple
saline solution. We have revisited this classical experiment and
found that animal cap ectoderm cultured attached to a sub-
stratum can self-organize to form complex organs such as brain
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